Plan of Investigation
The profound effect on the organism of relatively small doses of x-rays (5 to 50 r) have been known for some time, and such small doses have been used empirically in infective and allergic conditions.
To investigate the biological properties of x-rays it was decided to study the possible effects of small doses of radiation on the resistance of the body, and for this purpose it was considered that patients with rheumatoid disease were suitable types. The plan decided upon was in four sections: (1) soft radiation (50 kV) to the trunk (this is mostly absorbed in the skin); (2) penetrating radiation (200 kV) to the trunk in the same " volume dose " as given by the soft radiation; (3) penetrating radiation (200 kV) to the trunk of the same " surface dose " as the soft radiation; (4) penetrating radiation locally in the same " volume dose " as in (1) and (2).
The surface dose given in (1) was decided upon with the view to the volume dose given in (3) being tolerable to the patient. It was intended to proceed in the same patient from one scheme to the others in the order given, and to note the effect both clinically and through various laboratory investigations which might provide indications of favourable or unfavourable effects of the treatment.
The following paper is an account of the first stage of the scheme, presented because of the interesting findings of evidence of the effects of the radiation used on-the-plasma and serum proteins, and the relation of this effect to the clinical progress of the patients.
Although no satisfactory definition of the term " natural defence mechanism of the body " can yet be given, it is generally believed that suchamechanism exists. Any functional or organic deviation from normal, whether internally or externally caused, brings into action a defending, repairing, or balancing system within the body. While little is known about the actual mechanism, it is thought that most important roles are played by the reticulo-endothelial system (R.E.S.), the liver, and the blood proteins.
In order to demonstrate the influence, if any, of wide-field irradiation with soft x-rays on the defence mechanism it is necessary to find some entity which is a part of this mechanism and at the same time amenable to objective observation. It has been stated in the literature (see below) that low albumin and high globulin values are frequently found in cases of rheumatoid arthritis. An investigation of these proteins was therefore begun.
It was fortunate that the first cases showed very low albumin and high globulin values, and that after the first irradiations there was a significant turn towards more normal values. This happened before any clinical signs of improvement set in; and, thus encouraged, the tests were continued until clinical improvement could be observed. Subsequent results and the work of other investigators tend to confirm that the plasma or serum protein pattern shows a reliable correlation with at least one important part of the body's defence mechanism.
So far nine cases of rheumatoid arthritis have been treated by means of this wide-field technique, using soft x-rays (50 kV), H.V.L. 0-33 mm. aluminium, and doses of 5 to 50 r weekly for four to eight weeks (details are given with the charts). All patients had advanced disease that had previously failed to respond to standard treatments. In each case detailed clinical observation was combined with blood analyses of albumin, globulin, fibrinogen, erythrocyte sedimentation rate (E.S.R.), haemoglobin estimation, blood count and blood picture, before treatment and at intervals during and after the irradiation treatment. The results seem interesting enough to justify a preliminary report even though it is based on only these nine cases. Unfortunately each investigation is bound to be very lengthy and the capacity of a laboratory to handle. many tests is limited. 191 las40 Q2- (Hoch and Marrack, 1945) . It should be noticed, however, that at the beginning of the investigation the plasma proteins were used,whereas after June 1948 the serum proteins were used, in order to avoid variations arising from a water shift from the erythrocytes to the plasma, due to the oxalate used as anticoagulant.
Deviation from the normal protein pattern is unspecific, but any fluctuation of the proteins reflects the organism's changing ability to react (Wuhrmann and Wunderly, 1947, p. 144) . In other words, as Stern and Reiner (1946) (1922) , Scott (1939) , Hernaman-Johnson (19 Bucky.(1929 , Hodges (1936) , Denier (1936) , Medipr d
Craver (1942) , Holthusen (1940) , Cameron (1941) , Fii (1947) Finzi and Freund (1943) , Freund (1947) , Kelly and Dowell (1942) has frowned on it as near charlatanry. The only established and acknowledged place which softer irradiation with x-rays has found in therapy is in dermatology. It was from experience in this branch of medicine, years ago, that the author was held by the idea that in softer x-ray irradiation over wide fields we may. have a means of indirectly stimulating the defence mechanism of the body.
Notes on the Cases
For lack of space no detailed case histories can be given, but all essential information can be obtained from the charts and Table 1. To assess clinical states and changes Tegner's three clinical steps have been used, modified, so as to distinguish as far as possible between systemic and local conditions. It is considered that the symptoms are essentially systemic when the patient looks toxic (pale grey to yellowish) and is of low morale, and when the symptoms are travelling, that is, switching from one place to another (although such patients have at the same time sites of predilection where local symptoms are constantly present, changing only in degree). Further it is considered a systemic symptom when the pain not only radiates into the surroundings of an affected joint, but seems also to affect the whole length of a limb or the region of a nerve. One of the very active systemic stages is described by patients as " burning " pains, often affecting the whole body. An explanation of the clinical classifications is given in It was observed that within two or three weeks of beginning treatment the patients who improved looked better and (if they had done so before) less toxic; the worried expression vanished and morale seemed to improve. During the first weeks the patient rarely reported any improvement in his condition; on the contrary, sometimes there was more local pain and stiffness following a session and lasting for some hours or up to a week.
The first good sign was a report from the patient that he had had a few hours' or even days' relief from pain. Sometimes such reports were given in the latter part of a course, sometimes only some weeks after the end of the first course. It could be noticed that patients who before treatment made only slow and sparing movements made quicker and more frequent ones on improvement. In contrast to the slow clinical progress the albumins and globulins seemed to respond from the very beginning of irradiation. Improvement in the albumin and globulin curves always preceded clinical improvement. After a course of treatment the albumin andglobulin pattern continued to improve in cases that responded well, and gradually the curves levelled out. This coincided with the consolidation in clinical improvement. After six to eight weeks' interval a second wide-field course was given, with increased dosage, but the result was generally not encouraging. In any case no consolidation could be observed of ground gained and it might have been better to wait for the further natural development.
Where relapses occurred they were preceded 3 47 by unfavourable albumin-globulin readings, and a remission was foreshadowed by albumin and globulin curves making a favourable shift again. It has already been mentioned that the low albumin and high globulin pattern is similar in many other diseases (therefore it is unspecific) and only reflects the reactive-power of the body. In this connexion it was observed that a shift in the wrong direction in the albumin-globulin pattern could take place without being followed by a relapse. In two such instances the patient had an acute cold, and it may well be that at the time their defence mechanism was lowered and they were more prone to relapse, even if it did not become manifest. Table) and thus the interesting fact was revealed that whereas the six responding cases showed no abnormality the two non-responding cases showed abnormality and Case 6 (the borderline case) showed a dubious result.
Can liver damage have been caused by the x-ray irradiation ? The dosage appears to haVe been far too small, fractionated, and superficial, to have caused a direct damage to the hepatic tissues. Moreover, there were no symptoms of x-ray sickness. It may be that through a pathological liver condition which was established before the x-ray irradiation,* the defence mechanism was * It may be noted that both these patients had previously had gold treatment (Case 5 three years before, without improvement; Case 8 from 1944 for two years, weekly, that is, for a very prolonged time, but with great improvement). Case 6 (borderline case) hadhad no previous chrysotherapy. (pp. 204, 317) state that the most important site of manufacture and metabolism of all blood proteins is probably the liver. It is likely that the reticulo-endothelial system (R.E.S.) is the main place of formation of globulins, and as a good part of the R.E.S. is contained in the liver, damage to the latter would affect the globulins. Unger and others (1948) . report that rheumatoid arthritis and amyloidosis of the liver co-exist more frequently than is suspected. Cohn and others (1946) arrived at a separation and purification of protein components which allowed some study of their individual properties and even therapeutic use.
It has been observed that hepatitis with icterus frequently has a favourable influence on rheumatoid arthritis (Hench, 1940) . Loevgren (1945) found high values for citric acid and serum iron in hepatitis, and both these values are low in chronic polyarthritis, but what differences in the serum and plasma protein fractions may be present in rheumatoid arthritis and hepatitis are unknown.
Equally interesting is the not infrequent phenomenon that women with rheumatoid arthritis enjoy a remarkably complete remission during pregnancy until after term (this occurred in Cases 6 and 7). Trials with transfusion of blood of pregnant women into rheumatoid arthritics have been made (Hench, 1938; Barsi, 1947) (1947, pp. 130, 158, 163) have found that the E.S.R. depends in the first instance on fibrinogen; also on the globulins, where an increase of any single fraction may increase the rate; or there may be a simultaneous increase in several fractions. The accelerating effects on the E.S.R. of fibrinogen, euglobulin, pseudoglobulin, and albumin are in the ratio 100: 20: 2 1 5. Luetscher (1947) , and also Malmros and Blix (1946) agree that, besides fibrinogen, a rise in any globulin fraction may cause an increased E.S.R.
In rheumatoid arthritis the E.S.R. is generally'
found to be increased due to higher fibrinogen and globulin values. Wuhrmann and Wunderly (1947, p. 238) found a marked persistence of a high E.S.R. in cases which were refractory to treatment.
In the present investigation no correlation between E.S.R. and changes in. fibrinogen and globulin or with clinical improvement or deterioration has been found. It may be that the x-ray irradiation influences the E.S.R.; it is also possible that a continuation of a raised E.S.R-. during a remission in rheumatoid arthritis indicates that the systemic disease is not burnt out in spite of a return in quantity to the normal range of the albumins and globulins, the question of quality remaining open.
Unfortunately it was not possible to increase the number of laboratory tests. For a more thorough investigation it would be necessary to take more frequent readings, including several before any treatment is initiated. The serum albumin-globulin patterns should be compared with those of rheumatoid arthritics undergoing other types of treatment (especially chrysotherapy and ultra-violet light), of cases of allergy (especially bronchial asthma and industrial dermatitis, in both of which x-ray therapy has been successfully used), of cases of hepatitis with icterus, of pregnancy, and of cases of disease (other than rheumatoid arthritis) which show a similar low albumin and high globulin pattern. It is possible that detailed quantitative methods will reveal significant differences, especially if electrophoretic values of fractions could be made, not in sporadic single readings, but as a series. When further discoveries allow qualitative investigations we shall probably be able to make a great step forward.
Summary and Conclusions
An investigation is reported on nine cases of rheumatoid arthritis treated with wide-field, soft x-ray izradiation.
In all nine cases the disease was advanced and had previously failed to respond to standard treatments. The cases were all apparently similar clinically (except for degree of severity), but low serum albumins and high globulins were found in six, and nearly normal values in the other three.
Following treatment the six cases r,esponded favourably with clinical improvement and a return of the albumin-globulin pattern to normal. Of the remaining three cases, two showed no clinical improvement and unfavourable movements in the albumin-globulin pattern; the third (borderline case) improved bolatedly and so far only for a short period, both clinically and in the protein pattern.
Functional liver tests in the six responding cases revealed no abnormality, but definite abnormality was found in the two non-responding cases and slight abnormality in the remaining case.
It is suggested that: (1) The serum albuminglobulin pattern is an unspecific but reliable indicator of the body's reactive state ; (2) soft, wide-field x-ray irradiation can influence a pathological albumin-globulin pattern, at least in cases of rheumatoid arthritis ; (3) a return to more normal albumin-globulin levels is followed by clinical improvement in rheumatoid arthritis; (4) a shift in the protein pattern in the right or wrong direction foreshadows clinical improvement or deterioration; (5) an adverse shift of the albumin-globulin pattern does not necessarily signal an imminent flare-up of the rheumatoid arthritis since such a shift may be caused by an intercurrent disease, without manifestation of a relapse in the rheumatoid arthritis.
